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In order to verify whether the low impact on livestock production in endemic areas is related to a low
number of trypanosome strains circulating in livestock, 37 Trypanosoma congolense isolates collected
from cattle in 11 sites in an endemic trypanosomiasis area in Eastern Zambia were characterised for
genotype variability using a modiﬁed ampliﬁed fragment length polymorphism technique (AFLP). Iso-
lates were further cloned to evaluate the occurrence of mixed infections in individuals. The results
obtained revealed a high genotype diversity (94.6%) among these isolates. Apart from one site, all isolates
gave different AFLP proﬁles in each of the sites. When clones were compared, three (8%) of the 37 isolates
had mixed infections. These results indicate the circulation of a high number of strains in this trypano-
somiasis endemic area despite the low impact the disease has on livestock production.
 2009 Elsevier Ltd. Open access under CC BY license.1. Introduction to infection with trypanosome strains circulating in the sylvatic cy-Trypanosoma congolense is the main trypanosome species affect-
ing livestock within the tsetse belt areas in most countries in Sub-
Saharan Africa. In southern Africa for example, higher prevalence
of the disease encountered in cattle is generally attributed to this
species i.e. 75% in Mozambique (Sigauque et al., 2000), 95% in Zam-
bia (Simukoko et al., 2007) and 100% in South Africa (Van den Bos-
sche et al., 2006). Even in East (Ohaga et al., 2007; Mugittu et al.,
2001) or West (Lefrançois et al., 1998) Africa, T. congolense was
found to be the most prevalent trypanosome species infecting cat-
tle. However, previous studies have shown that this species is com-
posed of subspecies differing at genetic (Gashumba et al., 1988;
Knwoles et al., 1988; Young and Godfrey, 1983) and biological
(Bengaly et al., 2002; Reifenberg et al., 1997) level. Furthermore,
trypanosome isolates belonging to the same subspecies and circu-
lating in a restricted area have been found to differ in virulence
(Masumu et al., 2006a), transmissibility (Masumu et al., 2006b)
and antigenicity (Frame et al., 1990; Masake et al., 1987). Such dif-
ferences were thought to inﬂuence the outcome of the disease in
different areas. As a consequence, different forms of the disease
have been observed in bovine trypanosomiasis with a more acute
evolution of the disease, also called epidemic type, where a high
disease prevalence and high mortality rate are observed in live-
stock. This form of the disease was later shown to occur mostly
in livestock kept in the vicinity of game areas and thus subjected: +27 12 529 83 12.
73@tuks.co.za (J. Masumu).
Y license.cle (Van den Bossche, 2001; Bourn et al., 2001). In other circum-
stances however, the disease can evolve towards a milder course
of the infection called endemic type. This form of the disease has
been shown to occur as a consequence of the domestication of try-
panosomes in areas where large game animals are rare or absent
(Van den Bossche, 2001; Bourn et al., 2001). According to Van
den Bossche (2001), the differences in the expression of the disease
are inﬂuenced by the number of strains where the endemic form
characterised by low genotype variability give a more homologous
challenge in comparison to the epidemic type of disease. The total
number of strains circulating in a trypanosomiasis focus is also an
important consideration when considering the application of live-
stock immunisation using a cocktail of local trypanosome strains.
In Eastern Zambia, T. congolense has been found to be the most
prevalent trypanosome species infecting cattle (Sinyangwe et al.,
2004; Van den Bossche and Rowlands, 2001; Machila et al.,
2001). Here also, two different proﬁles of the disease are found
with an endemic form of the disease being observed on the plateau
while a more epidemic form is found in the vicinity of the game
park in Lwangua valley. Despite the presence of a susceptible cattle
breed (e.g. Angoni), the impact of the disease on livestock on the
plateau of the Lwangua river where the endemic form occurs
was shown to be low (Doran, 2000).
To verify whether this low impact of the disease on livestock
production is related to a low number of trypanosome strains cir-
culating in cattle, T. congolense isolates were collected and analysed
for genotype variability using a modiﬁed ampliﬁed fragments
length polymorphism (AFLP) as has been described by Masumu
et al. (2006c).
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2.1. Study area and isolation of trypanosomes
T. congolense populations were isolated from communal cattle
kept in a trypanosomiasis endemic focus in Eastern Zambia. A total
of 37 isolates were collected from 11 sites from Katete and Mam-
bwe districts in a cross-sectional survey conducted in 2003 where
640 cattle were sampled and 11.7% were found to be infected with
T. congolense using parasitological techniques. All isolates were
identiﬁed as T. congolense Savannah using the PCR-RFLP technique
described by Geysen et al. (2003). This area is exempted of large
wild animals and Glossina morsitans morsitans that is the main vec-
tor takes the majority (75%) of blood meals from cattle (Van den
Bossche and Staak, 1997). The description of the study area and
sampling sites has been reported elsewhere (Masumu et al.,
2006a).
2.2. Cloning procedure
Trypanosomes of each isolate were multiplied in OF1 mice.
When the parasitaemia reached 107.8–108.1 trypanosomes/ml
according to Herbert and Lumsden (1976), a drop of blood col-
lected from the tail was diluted in Phosphate buffer Saline Glucose
(PSG). The quantity of PSG was than adjusted to reach a concentra-
tion of one trypanosome/drop of 5 ll approximately. To ensure
that only one trypanosome was used, several drops of this solution
were tested using a microscope (400). Drops that contained more
than one trypanosome and those that did not contain any trypano-
some were discarded. On the other hand, each drop that contained
only one trypanosome was injected into a mouse previously im-
muno-suppressed using cyclophosphamide (200 mg/kg). An aver-
age of 10 mice was used for each isolate. The approval of the
ethics consideration was obtained from the Ethics Commission of
the Institute of Tropical Medicine, Antwerp, Belgium (Ref DG001-
PD-M-TT).
2.3. Puriﬁcation of trypanosomes, DNA extraction and PCR
ampliﬁcations
To prepare pellet, trypanosomes were multiplied in mice and at
the ﬁrst peak of parasitaemia, infected blood was collected by
heart puncture. Trypanosomes were puriﬁed using the mini anion
exchange column technique (Lanham and Godfrey, 1970). DNA
extraction of these pellets was carried out using the phenol-chloro-
form method. After extraction, DNA concentration was measured
by spectrophotometer (Genesys, Spectronic Unicam, USA). PCR
ampliﬁcations were performed using the modiﬁed ampliﬁed frag-
ments length polymorphism (AFLP) described by Masumu et al.
(2006c). Brieﬂy, 100 ng of DNA template were digested using Bgl
II enzyme. The digestion and ligation steps were conducted simul-
taneously for 3 h at 37 C. PCR ampliﬁcations were done using the
selective primer A. Gel electrophoresis was carried out on 6% El-
chrom gel (polyNAT) and stained using 0.01% SYBR Green I
(Cambrex Bio Science Rockland, USA). Adapters and primers were
used as described by Agbo et al. (2002):
Adapters: 50-CGG ACT AGA GTA CAC TGT C and 30-C TGA TCT
CAT GTG ACA GCT AG
Primers: 50-GAG TAC ACT GTC GAT CTA.
2.4. Genetic analysis
Banding patterns of proﬁles obtained for each of the isolates
were compared. Isolates that presented identical proﬁle were con-
sidered as belonging to the same genotype. Clones derived fromeach of the isolates were compared among themselves as well as
with the respective parent isolates. The genotype variability was
calculated as the percentage of different proﬁles or genotypes
found among the isolates. In order to check the stability of proﬁles,
comparison of the proﬁles of 10 clones taken at different peaks
during their expansion into mice was done. The genetic proﬁle of
each T. congolense isolate was analysed using a bionumeric soft-
ware (Applied Maths, Kortrijk, Belgium). The unweighted pair
group method using the average linkage (UPGMA) method was
used to generate a dendogram and calculate the percentage of
similarities.3. Results
All isolates and clones analysed were successfully characterised
using the selective primer A. About 10–15 bands ranging from 100
to 3000 bp were generated from various isolates (AFLP proﬁles of
10 of these isolates are shown in Fig. 1). In total, 35 different geno-
types were obtained from the 37 isolates collected, giving 94.6% of
genotype variability. Apart from one site (site 1) where three of
eight infected cattle were found to be infected with the same geno-
type, all the other isolates from the different sites gave different
proﬁles suggesting that they belonged to different genotypes. The
dendogram generated by UPGMA method of the 37 isolates is
shown in Fig. 2. The three isolates that were genetically identical
exhibited 100% of similarity. In the remaining isolates the percent-
age of similarity ranged from 33% to 90%.
A total of 83 clones were obtained from the 37 isolates col-
lected. All clones of 34 isolates had the same genotype proﬁle as
the parent isolate showing identical banding patterns. Different
genotype proﬁles were found in clones originated from three iso-
lates giving a prevalence of 8.1% of mixed infections. All results
are shown in Table 1. Genotype analysis of clones expanded into
different mice and analysed at different peaks of parasitaemia gave
identical genotype proﬁles conﬁrming the reproducibility of the
technique (data not shown).4. Discussion
The diversity of pathogenic trypanosomes infecting cattle (e.g.
T. congolense) in different trypanosomiasis foci is poorly under-
stood. This is mainly due to the lack of a sensitive tool to analyse
genotype polymorphism on limited pathogen extracts. In this
study, use was made of a modiﬁed AFLP that was shown to be sen-
sitive for the characterisation of T. congolense isolates (Masumu et
al., 2006c). As shown in the dendogram, genotypes characterised
using this tool exhibit considerable variations at molecular level.
In addition these genetic variations were shown to be associated
to considerable differences in various biological characters among
these isolates including their pathogenicity in mice (Masumu et al.,
2006a), their transmissibility by tsetse ﬂies (Masumu et al., 2006b)
as well as their resistance to trypanocides (Delespaux et al., 2008).
In previous studies, high genotype variability was reported
using isoenzyme tools in livestock trypanosomes using either T. vi-
vax (Dirie et al., 1993; Fasogbon et al., 1990) or T. congolense (Gash-
umba et al., 1988; Young and Godfrey, 1983). In these studies,
isolates originated from various hosts and different countries.
However, the results of our study suggest that even in a restricted
area endemic for trypanosomiasis cattle can be subjected to chal-
lenge with several different T. congolense strains.
Indeed it was suggested that a low genotype variability would
be present in endemic trypanosomiasis areas as a result of elimina-
tion of virulent trypanosome strains (Hide et al., 1994). This
hypothesis is supported by the fact that virulent trypanosome
strains would necessitate frequent treatment or induce higher
Fig. 1. AFLP proﬁles of 10 Trypanosoma congolense isolates collected from an endemic trypanosomiasis area of Eastern Zambia. M: 100+ marker; 1–10: number of isolates.
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Fig. 2. AFLP ﬁngerprint analysis of the 37 Trypanosoma congolense Savannah isolates characterised using the selective primer-A. The dendogram was constructed using the
unweighted pair group arithmetic mean (UPGMA) method. Percentages of similarity are shown above the dendogram.
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ence. In the area where our isolates were collected, about 20% of
the isolates circulating in livestock have been found to exhibit such
a virulent proﬁle (Masumu et al., 2006a). However, the majority of
isolates had a moderate or low virulence resulting in mild infec-
tions. Moreover, further analysis revealed that the presence in live-
stock of an infection with low virulent trypanosome strains protect
animals when challenged with the virulent ones (Masumu et al., in
preparation). Under these circumstances, even when infected with
virulent trypanosome strains, animals in this area will rarely need
treatment as conﬁrmed elsewhere (Van den Bossche et al., 2000).
Consequently, the chance for T. congolense strains of either high
or low virulence to be eliminated through animal death or treat-ment is low, explaining the maintenance of such a high genotype
variability in the study area.
Since, in the ﬁeld, cattle are continuously challenged by infected
tsetse, it is not surprising that a large proportion of cattle harbour
infections with multiple trypanosome strains. Similarly the occur-
rence of mixed infections in T. brucei has already been reported
(MacLeod et al., 2000, 1999). It should be said that the proportion
of mixed infections observed in this study (8% of isolates) could be
underestimated. This in particular because of the well known fact
that selection will take place due to serial passages in mice before
cloning and that cloning was realised during the peak of parasita-
emia known to consist of one predominant clone. It is possible that
serial cloning during different peaks of parasitaemia or exhaustive
Table 1
Number of genotypes, clones and mixed infections of Trypanosoma congolense isolates
collected from an endemic trypanosomiasis area of Eastern Zambia.
Site
number
Number of
isolates
Number of
genotypes
Number of
clones
Number of isolates with
mixed infections
1 8 6 21 1
2 5 5 12 –
3 5 5 9 1
4 3 3 7 –
5 3 3 7 –
6 1 1 2 –
7 1 1 2 –
8 2 2 4 –
9 2 2 4 –
10 4 4 8 –
11 3 3 7 1
Total 37 35 83 3
268 J. Masumu et al. / Research in Veterinary Science 87 (2009) 265–269cloning could reveal greater mixed infections as previously shown
in malaria (Thaithong et al., 1984). However, cloning at different
peaks or exhaustive cloning is a laborious procedure when large
numbers of isolates need to be examined. Despite this drawback
related to the cloning procedure, the presence of mixed infections
in this study reﬂects a situation to be expected as a result of geno-
type variability and absence of sterile immunity following heterol-
ogous challenge in this parasite (Nantulya et al., 1984; Wellde et
al., 1981).
As a possible strategy of trypanosomiasis control, local vaccine
using a cocktail of trypanosome strains was previously suggested
as a result of low serodemes circulating in an endemic area (Ma-
sake et al., 1987). However, in another study using trypanosomes
circulating in a sylvatic cycle, the use of such local vaccine for
the immunisation of livestock kept at the vicinity of the game areas
was not found to be practical (Frame et al., 1990). This was sup-
ported by the occurrence of a large number of serodemes and sub-
sequent high level of heterologous challenge in T. congolense
strains circulating in the study area. Since homologous challenge
occur only when animals are re-infected with the same trypano-
some strain (Nantulya et al., 1984; Wellde et al., 1981), the high
genotype variability of T. congolense strains in this study suggests
that in this trypanosomiasis endemic area and possibly in other
areas where the disease displays an endemic proﬁle, livestock
can still be subjected to heterologous challenge despite the low im-
pact the disease has on livestock production. Consequently, under
these circumstances, vaccination using a cocktail of local T. congo-
lense strains does not appear to be a practical option for the immu-
nisation of livestock kept in such domestic cycles as already has
been concluded in case of a sylvatic cycle (Frame et al., 1990).
Acknowledgments
This work received the ﬁnancial support of the FWO (Fonds
Wetenschappelijk Onderzoek – Vlaanderen, Krediet aan navorsers)
and the Welcome Trust (Grant 07824/B/04/Z) to which we are
grateful. We would like to thank also Dr. Mulumba and all the staff
members of the Center for Ticks and Tick-borne Diseases for their
support. Special thanks also to the farmers and the staff of Veteri-
nary Department in Eastern Province/Zambia for their useful
assistance.
References
Agbo, E.E., Majiwa, P.A., Claassen, H.J., te Pas, M.F., 2002. Molecular variation of
Trypanosoma brucei subspecies as revealed by AFLP ﬁngerprinting. Parasitology
124, 349–358.
Bengaly, Z., Sidibe, I., Ganaba, R., Desquesnes, M., Boly, H., Sawadogo, L., 2002.
Comparative pathogenicity of three genetically distinct types of Trypanosomacongolense in cattle: clinical observations and haematological changes. Vet.
Parasitol. 108, 1–19.
Bourn, D., Reid, R., Rogers, D., Snow, B., Wint, W., 2001. Environmental Change and
the Autonomous Control of Tsetse and Trypanosomiasis in South Saharan
Africa. Environmental Research Group Oxford limited, Oxford, UK. p. 289.
Delespaux, V., Dinka, H., Masumu, J., Van den Bossche, P., Geerts, S., 2008. Five-fold
increase in Trypanosoma congolense isolates resistant to diminazene aceturate
over a seven-year period in Eastern Zambia. Drug Resist. Updates 11, 205–209.
Dirie, M.F., Otte, M.J., Thatthi, R., Gardiner, P.R., 1993. Comparative studies of
Trypanosoma (Duttonella) vivax isolates from Colombia. Parasitology 106, 21–
29.
Doran, M. (Ed.), 2000. Socio-economics of Trypanosomosis. Bovine Trypanosomosis
in Southern Africa, vol. 3. RTTCP, Harare, pp. 156–157.
Fasogbon, A.I., Knowles, G., Gardiner, P.R., 1990. A comparison of the isoenzymes of
Trypanosoma (Duttonella) vivax isolates from East and West Africa. Int. J.
Parasitol. 20, 389–394.
Frame, I.A., Ross, C.A., Luckins, A.G., 1990. Characterization of Trypanosoma
congolense serodemes in stocks isolated from Chipata District, Zambia.
Parasitology 101, 235–241.
Gashumba, J.K., Baker, R.D., Godfrey, D.G., 1988. Trypanosoma congolense: the
distribution of enzymatic variants in east and west Africa. Parasitology 96, 475–
486.
Geysen, D., Delespaux, V., Geerts, S., 2003. PCR-RFLP using Ssu-rDNA ampliﬁcation
as an easy method for species-speciﬁc diagnosis of Trypanosoma species in
cattle. Vet. Parasitol. 110, 171–180.
Herbert, W.J., Lumsden, W.H.R., 1976. Trypanosoma brucei. A rapid ‘‘matching”
method for estimating the host’s parasitaemia. Exp. Parasitol. 40, 427–431.
Hide, G., Welburn, S.C., Tait, A., Maudlin, I., 1994. Epidemiological relationships of
Trypanosoma brucei stocks from south east Uganda: evidence for different
population structures in human infective and non-human infective isolates.
Parasitology 109, 95–111.
Knwoles, G., Betschart, B., Kukla, B.A., Scott, J.R., Majiwa, P.A., 1988. Genetically
discrete populations of Trypanosoma congolense from livestock on the Kenyan
coast. Parasitology 96, 461–474.
Lanham, S.M., Godfrey, D.G., 1970. Isolation of salivarian trypanosomes from man
and other mammals using DEAE-cellulose. Exp. Parasitol. 28, 521–534.
Lefrançois, T., Solano, P., de la Rocque, S., Bengaly, Z., Reifenberg, J.M., Kabore, I.,
Cuisance, D., 1998. New epidemiological features on animal trypanosomiasis by
molecular analysis in the pastoral zone of Sideradougou, Burkina Faso. Mol.
Ecol. 7, 897–904.
Machila, N., Sinyangwe, L., Mubanga, J., Hopkins, J.S., Robinson, T., Eisler, M.C., 2001.
Antibody-ELISA seroprevalence of bovine trypanosomosis in the Eastern
Province of Zambia. Prev. Vet. Med. 49, 249–257.
MacLeod, A., Tweedie, A., Welburn, S.C., Maudlin, I., Turner, C.M., Tait, A., 2000.
Minisatellite marker analysis of Trypanosoma brucei: reconciliation of clonal,
panmictic, and epidemic population genetic structures. Proc. Natl. Acad. Sci.
USA 97, 13442–13447.
MacLeod, A., Turner, C.M., Tait, A., 1999. A high level of mixed Trypanosoma brucei
infections in tsetse ﬂies detected by three hypervariable minisatellites. Mol.
Biochem. Parasitol. 102, 237–248.
Masake, R.A., Nantulya, V.M., Musoke, A.J., Moloo, S.K., Nguli, K., 1987.
Characterization of Trypanosoma congolense serodemes in stocks isolated from
cattle introduced onto a ranch in Kiliﬁ, Kenya. Parasitology 94, 349–357.
Masumu, J., Marcotty, T., Geysen, D., Geerts, S., Vercruysse, J., Dorny, P., Van den
Bossche, P., 2006a. Comparison of the virulence of Trypanosoma congolense
strains isolated from cattle in a trypanosomiasis endemic area of eastern
Zambia. Int. J. Parasitol. 36, 497–501.
Masumu, J., Marcotty, T., Ndeledje, N., Kubi, C., Geerts, S., Vercruysse, J., Dorny, P.,
Van den Bossche, P., 2006b. Comparison of the transmissibility of Trypanosoma
congolense strains, isolated in a trypanosomiasis endemic area of eastern
Zambia, by Glossina morsitans morsitans. Parasitology 133, 331–334.
Masumu, J., Geysen, D., Vansnick, E., Geerts, S., Van den Bossche, P., 2006c. A
modiﬁed AFLP for Trypanosoma congolense isolate characterization. J.
Biotechnol. 125, 22–26.
Mugittu, K.N., Silayo, R.S., Majiwa, P.A.O., Kimbita, E.K., Mutayoba, B.M., Maselle, R.,
2001. Application of PCR and DNA probes in the characterisation of
trypanosomes in the blood of cattle in farms in Morogoro, Tanzania. Vet.
Parasitol. 94, 177–189.
Nantulya, V.M., Musoke, A.J., Rurangirwa, F.R., Moloo, S.K., 1984. Resistance of cattle
to tsetse-transmitted challenge with Trypanosoma brucei or Trypanosoma
congolense after spontaneous recovery from syringe-passaged infections.
Infect. Immun. 43, 735–738.
Ohaga, S.O., Kokwaro, E.D., Ndiege, I.O., Hassanali, A., Saini, R.K., 2007. Livestock
farmers’ perception and epidemiology of bovine trypanosomosis in Kwale
District, Kenya. Prev. Vet. Med. 80, 24–33.
Reifenberg, J.M., Cuisance, D., Frezil, J.L., Cuny, G., Duvallet, G., 1997. Comparison of
the susceptibility of different Glossina species to simple and mixed infections
with Trypanosoma (Nannomomas) congolense savannah and riverine forest
types. Med. Vet. Entomol. 11, 246–252.
Sigauque, I., Van den Bossche, P., Moiana, M., Jamal, S., Neves, L., 2000. The
distribution of tsetse (Diptera: Glossinidae) and bovine trypanosomosis in the
Matutuine District, Maputo Province, Mozambique. Onderstepoort J. Vet. Res.
67, 167–172.
Simukoko, H., Marcotty, T., Phiri, I., Geysen, D., Vercruysse, J., Van den Bossche, P.,
2007. The comparative role of cattle, goats and pigs in the epidemiology of
J. Masumu et al. / Research in Veterinary Science 87 (2009) 265–269 269livestock trypanosomiasis on the plateau of eastern Zambia. Vet. Parasitol. 147,
231–238.
Sinyangwe, L., Delespaux, V., Brandt, J., Geerts, S., Mubanga, J., Machila, N., Holmes,
P.H., Eisler, M.C., 2004. Trypanocidal drug resistance in eastern province of
Zambia. Vet. Parasitol. 119, 125–135.
Thaithong, S., Beale, G.H., Fenton, B., McBride, J., Rosario, V., Walker, A., Walliker, D.,
1984. Clonal diversity in a single isolate of the malaria parasite Plasmodium
falciparum. Trans. Roy. Soc. Trop. Med. Hyg. 78, 242–245.
Van Den Bossche, P., Esterhuizen, J., Nkuna, R., Matjila, T., Penzhorn, B., Geerts, S.,
Marcotty, T., 2006. An update of the bovine trypanosomosis situation at the
edge of Hluhiuwe-Imfolozi Park, Kwazulu-Natal Province, South Africa.
Onderstepoort J. Vet. Res. 73, 77–79.
Van Den Bossche, P., 2001. Some general aspects of the distribution and
epidemiology of bovine trypanosomosis in southern Africa. Int. J. Parasitol.
31, 592–598.Van den Bossche, P., Rowlands, G.J., 2001. The relationship between the
parasitological prevalence of trypanosomal infections in cattle and herd
average packed cell volume. Acta Trop. 78, 163–170.
Van den Bossche, P., Doran, M., Connor, R.J., 2000. An analysis of trypanocidal drug
use in the Eastern Province of Zambia. Acta Trop. 75, 247–258.
Van den Bossche, P., Staak, C., 1997. The importance of cattle as a food source for
Glossina morsitans morsitansWestwood (Diptera: Glossinidae) in Katete District,
Eastern Province, Zambia. Acta Trop. 65, 105–109.
Wellde, B.T., Hockmeyer, W.T., Kovatch, R.M., Bhogal, M.S., Diggs, C.L., 1981.
Trypanosoma congolense: natural and acquired resistance in the bovine. Exp.
Parasitol. 52, 219–232.
Young, C.J., Godfrey, D.G., 1983. Enzyme polymorphism and the distribution of
Trypanosoma congolense isolates. Ann. Trop. Med. Parasitol. 77, 467–481.
